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Abstract: The possibility of material recycling of inorganic slag by wet ball milling with distilled water and an 
ethylenediaminetetraacetic acid disodium salt dehydrate (EDTA·2Na·2H2O) reagent was investigated. The wet ball 
milling of the simulated waste slag powder was performed using a ball mill pot and balls in air for 10 - 100 h at room 
temperature with the rotational speed fixed at 200 rpm. The fractions of CaO and Fe2O3 in the specimens obtained by 
wet-ball-milling the simulated waste slag powder decreased, that of SiO2 increased, and those of Al2O3 and Na2O hardly 
changed. These specimens contained 0.1 – 0.8mass% ZrO2. Appropriate solution and time for wet ball milling were 300 
ml distilled water and 20 h, respectively. When the wet ball milling of the simulated waste slag powder was performed 
twice, the fractions of CaO, Al2O3 and Fe2O3 in the specimen obtained after repeated wet ball milling decreased, those 
of SiO2 and ZrO2 increased and that of Na2O hardly changed in comparison with those in the specimen wet-ball-milled 
once. The insoluble end product obtained by soaking the specimen wet-ball-milled once in 6M HCl for 20 hours was 
composed of 98.5mass% SiO2 and 0.6mass% or less other oxides and is usable as glass material. 

































































ࠬ࡜ࠣߩ⚵ᚑߪSiO2 : CaO : Al2O3 : Fe2O3 : Na2O = 
43 : 25 : 17 : 8 : 7 (mass%)ߢ޽ࠆޕ಴⊒ේᢱߢ޽ࠆSiO2, 













 ☸ᓘ 0.5 mmએਅߩᮨᡆࠬ࡜ࠣ☳ᧃ 4.00 g㧘EDTA
⹜⮎(ࠛ࠴࡟ࡦࠫࠕࡒࡦ྾㈶㉄ੑ࠽࠻࡝࠙ࡓੑ᳓๺
‛) 16.00 g㧘100㨪400 mlߩṁᶧ㧘⋥ᓘ 5 mmߣ 10 mm
ߩࠫ࡞ࠦ࠾ࠕࡏ࡯࡞(⋥ᓘ 5 mm : 500 g㧘⋥ᓘ 10 mm : 
441 g)ࠍ 700 mlࡐ࡝ࠕࡒ࠼⵾ࡐ࠶࠻ߦ౉ࠇߡḨᑼࡏ















ߚ⚿ᨐࠍ Table 1ߦ␜ߔᮨޕ ᡆࠬ࡜ࠣࡃ࡞ࠢ㧘☸ᓘ 0.5 
mm એਅߩᮨᡆࠬ࡜ࠣ☳ᧃߣ߽ߦࡃ࠶࠴⚵ᚑߣᲧߴ
ߡ SiO2, Fe2O3, Na2OߪᲧセ⊛ㄭ޿⚵ᚑࠍ␜ߒߚ߇㧘
CaO, Al2O3ߢዋߒߕࠇ߇⷗ࠄࠇߚޕࡃ࡞ࠢࠃࠅ☳ᧃ
ߩᣇ߇ࠃࠅࡃ࠶࠴⚵ᚑߦㄭ߆ߞߚޕ߹ߚ㧘ᧄ⎇ⓥߩ
Ⱟశ X✢᷹ቯߦ߅ߌࠆฦ㉄ൻ‛ߩ⺋Ꮕߪ SiO2, CaO, 
Al2O3, Fe2O3, Na2O, ZrO2ߢߘࠇߙࠇ±0.4, ±0.2, ±0.4, 
±0.1, ±1.3, ±0.0mass%ߢ޽ߞߚޕ 
Fig. 1. Simulated waste slag. 
Fig. 2. Simulated waste slag powder with a 
particle diameter of 0.5 mm or less. 
Table 1. Analyzed compositions (mass%) of bulk 
(Fig. 1) and powder (Fig. 2) of simulated waste slag 
by XRF measurements. 
 SiO2  CaO  Al2O3  Fe2O3  Na2O 
Bulk 45.2 20.8 20.7 6.2 7.1 






























 ṁᶧ㊂ࠍ 200 ml㧘Ḩᑼࡏ࡯࡞ࡒ࡞ಣℂᤨ㑆ࠍ 20ᤨ
㑆ߦ࿕ቯߒߡࡏ࡯࡞ࡒ࡞ಣℂ೨ߩṁᶧߩ pH ࠍ 0.90
߆ࠄ 7.00߹ߢᄌൻߐߖߚߣ߈ߩⰯశX✢᷹ቯߦࠃࠆ
⚵ᚑಽᨆߩ⚿ᨐࠍ Fig. 4ߦ␜ߔޕ0.90߆ࠄ 4.58ߩ pH
ߪ᜝ᒐౝߩṁᶧ 200 mlߦ EDTA⹜⮎ 16.00 gࠍ౉ࠇ
ߡࠃߊ߆߈ᷙߗߚߣ߈ߩ pH୯ߢ޽ࠅ㧘5.00߆ࠄ 7.00
ߩ pHߪ⫳⇐᳓ 200 mlߦ EDTA⹜⮎ 16.00 gࠍ౉ࠇߚ
ᓟ NaOH ⹜⮎ࠍട߃ߡฦ pH ߦ⺞ᢛߒߚᤨߩ୯ߢ޽
ࠆޕ0.1MႮ㉄ 200 mlߩߣ߈ߦ߽ታ㛎ࠍⴕ޿㧘ߎߩߣ




pH ߇ 3.61 એ਄ߩߣ߈ߦᓧࠄࠇߚ☳ᧃߪ޿ߕࠇ߽
4.00 g ᧂḩߢ߁ߔ޿Ἧ⦡ߢ޽ߞߚߩߦኻߒ㧘pH ߇
0.90ߩߣ߈ߪ 5.42 g (࿁෼₸ 135.5%)ߩ⊕⦡☳ᧃߢ޽
ߞߚޕEDTAߪ pH߇ 2એਅߦߥࠆߣᴉᲚߔࠆᕈ⾰߇
޽ࠆߚ߼㧘pH߇ 0.90ߩߣ߈ߦᓧࠄࠇࠆ⊕⦡☳ᧃߦߪ
߆ߥࠅߩ EDTA߇฽߹ࠇߡ޿ࠆߣ⠨߃ࠄࠇࠆޕpH = 





















Fig. 3. Analytical compositions of the simulated 
waste slag powder and the specimens obtained by 
wet-ball-milling 4.0 g of simulated waste slag 
powder with balls only, EDTA only and balls and 





















SiO2 CaO Al2O3 Fe2O3 Na2O ZrO2
Slag powder 4.0 g, Water 200 ml, 20 h
: Slag powder  
: Ball only, no EDTA 
: EDTA only,no ball 
: Ball and EDTA  
i 2 l2 3 2 3 ZrO2CaO 2
Fig. 4. Analytical compositions of the simulated 
waste slag powder and the specimens obtained by 
wet-ball-milling 4.0 g of simulated waste slag 
powder with 200 ml solutions with pH of 




















SiO2 CaO Al2O3 Fe2O3 Na2O ZrO2
Slag powder 4.0 g, 200 ml, 20 h
: Slag powder 
: pH = 0.90 (0.5M HCl)
: pH = 3.61 (0.05M HCl)       
: pH = 3.82 (0.01M HCl)
: pH = 4.58 (Water)
: pH = 5.00 (Water+NaOH) 
: pH = 6.00 (Water+NaOH)   
: pH = 7.00 (Water+NaOH) 




















 SiO2㧘Fe2O3ߩഀวߪ 300 ml߹ߢߪߘࠇߙࠇჇᄢ㧘
ᷫዋߒߚ߇㧘300 mlએ㒠ߢߪ޿ߕࠇ߽ૃߚഀวࠍ␜









 ⫳⇐᳓㊂ࠍ 300 mlߦ࿕ቯߒ㧘Ḩᑼࡏ࡯࡞ࡒ࡞ಣℂ
ᤨ㑆ࠍ 10㨪100ᤨ㑆߹ߢᄌൻߐߖߚߣ߈ߩⰯశ X✢
᷹ቯߦࠃࠆ⚵ᚑಽᨆߩ⚿ᨐࠍ Fig. 6 ߦ␜ߔޕSiO2ߩ
ഀวߪಣℂᤨ㑆ߩჇടߣߣ߽ߦჇᄢߒ㧘100 ᤨ㑆ߢ
ߪ 5.4%Ⴧᄢߩ 49.0%ߢ޽ߞߚޕCaO ߩഀวߪ 70 ᤨ
㑆߹ߢಣℂᤨ㑆ߩჇടߣߣ߽ߦᷫዋߒ㧘70ᤨ㑆ߢߪ
16.4%ߢ޽ࠅ㧘4.4%ᷫዋߒߚޕ100 ᤨ㑆ߢߪ 16.7%ߣ
ᓸჇߒߚޕFe2O3ߩഀวߪ 20 ᤨ㑆߹ߢᷫዋߒ㧘20 ᤨ































Fig. 5. Analytical compositions of the simulated 
waste slag powder and the specimens obtained by 
wet-ball-milling 4.0 g of simulated waste slag 
powder with 100 - 400 ml distilled water for 20 




















SiO2 CaO Al2O3 Fe2O3 Na2O ZrO2
: Slag powder
: Water 100 ml       : Water 200 ml  
: Water 300 ml       : Water 400 ml 
Slag powder 4.0 g, 20 h
2 l2 3 Fe2 3 r 22 Fig. 6. Analytical compositions of the simulated 
waste slag powder and the specimens obtained by 
wet-ball-milling 4.0 g of simulated waste slag 
powder with 300 ml distilled water for 10 - 100




















SiO2 CaO Al2O3 Fe2O3 Na2O ZrO2
: Slag powder          :   10 h  
:   20 h                     :   40 h  
:   70 h                     : 100 h  
Slag powder 4.0 g, Water 300 ml




























 ᦨ߽ Fe2O3ࠍ㒰෰ߢ߈ߚ᧦ઙߩ 1 ߟߢ޽ࠆ⫳⇐᳓
400 ml㧘20ᤨ㑆ߩ᧦ઙߢḨᑼࡏ࡯࡞ࡒ࡞ಣℂᓟᓧࠄ
ࠇߚ☳ᧃ 1.50 gࠍ 6MႮ㉄ 20 mlߢ 20ᤨ㑆㉄ಣℂߒ
ߚޕߘߩᓟ㧘࿕ᶧಽ㔌ߒߡᓧࠄࠇߚ☳ᧃߩⰯశ X✢
᷹ቯߦࠃࠆ⚵ᚑಽᨆߩ⚿ᨐࠍ Fig. 10ߦ␜ߔޕ߹ߚ 
Ყセߩߚ߼㧘☸ᓘ 0.5 mmએਅߩᮨᡆࠬ࡜ࠣ☳ᧃ 1.50 
g ࠍห᧦ઙߢ㉄ಣℂᓟ࿕ᶧಽ㔌ߒߡᓧࠄࠇߚ☳ᧃߩ





Fig. 8. Powder of the specimen obtained by 
wet-ball-milling 4.0 g of simulated waste 
slag powder with 300 ml distilled water for 
20 hours once. 
Fig. 9. Powder of the specimen obtained by 
wet-ball-milling 4.0 g of simulated waste 
slag powder with 300 ml distilled water for 
20 hours twice. 
Fig. 7. Analytical compositions of the simulated 
waste slag powder and the specimens obtained by 
wet-ball-milling 4.0 g of simulated waste slag 
powder with 300 ml distilled water for 20 hours 




















SiO2 CaO Al2O3 Fe2O3 Na2O ZrO2
: Slag powder
: Slag powder 4.0 g, Water 300 ml, 20 h, Once
: Slag powder 4.0 g, Water 300 ml, 20 h, Twice 
2 l2 3 Fe2 r 22
Fig. 10. Analytical compositions of the simulated 
waste slag powder, the specimen obtained by 
wet-ball-milling 4.0 g of simulated waste slag 
powder with 400 ml distilled water for 20 hours, 
and the insoluble end products obtained by 
soaking 1.5 g of the simulated waste slag powder





















SiO2 CaO Al2O3 Fe2O3 Na2O ZrO2
: Slag powder 
: Wet ball milling only
: Acid treatment  only
: Wet ball milling + Acid treatment 


































































Fig. 11. Powder of the insoluble end product 
obtained by soaking the specimen obtained by 
wet-ball-milling 4.0 g of simulated waste slag 
powder with 400 ml distilled water for 20 
hours in 20 ml 6M HCl for 20 hours. 
Fig. 12. SiO2 reagent. (99.9%, Kojundo 
Chemical Laboratory Co., Ltd.) 
Table 2. Chemically analyzed compositions of 
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